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Abstract  
Lean production is an organisational management model that increases productivity by eliminating 
wastes (Muda), physical strain or overburden (Muri), and irregularity (Mura) (3M). These last two are 
related to the way people work, which is frequently harder instead of smarter. LP helps in achieving 
smart and effective methods of work. This paper aims to illustrate the synergy between LP and 
ergonomics by the analysis of a set of final year projects developed in the context of master’s degrees 
dissertations of Industrial Engineering. It is intended to identify in these the symbiotic relationship 
between LP and ergonomics solutions that promotes smart, safe and effective work methods. Both 
share similar concerns about people welfare, providing not only tangible benefits but also intangible 
benefits. Several final year projects, reported in a set of master’s degrees dissertations in Industrial 
Engineering, were used to explore if and which ergonomic factors were considered in lean projects 
developed, by final-year engineering graduates, in an industrial environment. The project phase in which 
this aspect was manifested and the benefits that resulted from these projects were also studied. The 
analysis and interpretation of the dissertations showed that, even when the work plan for the project did 
not reflect the study or evaluation of the workers’ conditions in the lean projects, in most cases, this kind 
of study was performed to provide solutions for reducing the 3M. A lean project implementation only 
makes sense when people are respected and their work conditions are considered satisfactory. When 
this is assured, LP and ergonomics contribute to the improvement of the company productivity, moreover 
when relevant ergonomic aspects are considered in the work proposal planning phase of the lean-
related projects. 
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1. INTRODUCTION 
Considering the market demands, companies must 
satisfy their customers in a faithfully and sustainable 
way. Customers need to feel that they are paying the 
right price for the right quality products, without being 
charged for costs in activities they do not want to pay for. 
To achieve this, the Lean Production (LP) organisation 
model, propagated by Womack et al. [1], has been 
implemented by many companies in all over the world 
[2–4]. Bhamu and Sangwan [2] in their review have 
compiled more than 40 works of LP implementation in 
several industrial contexts (e.g. construction, 
shipbuilding, telecommunications, food, automotive, 
aircraft, electronics, precision materials, etc.) spread 
worldwide (e.g. Australia, China, France, India, Italy, 
Japan, Norway, Sweden, United Kingdom and United 
States of America among others). Additionally, Amaro et 
al. [4] reviewed 129 case studies and surveys of LP 
implementation in the last 25 years. These case studies 
were from the industry sector (discrete and process 
manufacturing) to the services sector (e.g. healthcare,...) 
among others and were spread from more than 14 
countries. In common, these works show the 
implementation of tools and techniques applied to all 
functional areas to eliminate waste, improve productivity 
and promote innovation. Furthermore, Amaro et al. [4] 
presented the benefits of Lean, highlighting the effects of 
wastes reduction on the environmental positive results.  
LP was the designation used by John Krafcik [5], an MIT 
International Motor Vehicle Program (IMVP) researcher, 
to name the existing Toyota Production System (TPS) [6, 
7], which emerged in the post-second World War during 
difficult times for all but particularly for Japan. TPS 
benefited from mass production knowledge and 
practices such as standardisation and mixed this with 
other equally important components forgotten in Ford 
system: minds and hands of workers, working together 
in teams to achieve higher performance [5]. Though 
classical principles such as the ones from scientific 
management of Taylor, and others were very important 
to higher human performance, some changes were 
needed to integrate the human element and improve 
human-system performance [8].  
Like other initiatives [8], TPS development had this in 
consideration. Sugimori et al. [9], in a paper that was 
probably the first in English about TPS, called it a 
“respect-for-human system” because of its emphasis on 
three aspects: i) elimination of waste movements by 
workers; ii) consideration for workers' safety; and iii) self-
display of workers' capabilities by entrusting them with 
greater responsibility and authority.  
Nevertheless, LP impact on human relations and 
working conditions is controversial due to many reasons, 
being one of them the misunderstanding of lean 
principles [10].  However, LP is nowadays recognized as 
a socio-technical system [11] and a business strategy 
[12] or even a philosophy [13] that allied with other 
disciplines, namely, ergonomics, form a strategic 
alliance to achieve the purpose and objectives of each 
one of them. Ergonomics, as applied science, will better 
achieve the health and safety objectives in cooperation 
with a business strategy like LP [12]. 
In this paper, a quantitative and qualitative content 
analysis was conducted to illustrate the symbiotic 
relationship between LP and ergonomics, which 
emerges even when not initially planned for lean-related 
projects. These documents correspond to a set of 
master’s dissertations in Industrial Engineering that 
resulted from final projects; all of them developed in an 
industrial environment at several companies. The study 
identifies the phase at which the ergonomics factors 
were included, as well as the achieved benefits. 
This paper is organised into five sections. The first one 
introduces the most important concepts of LP and 
Ergonomics and states study objectives. The second 
section presents a brief literature review to LP, 
ergonomics and the relationship between these two 
concepts. The third section presents the methodology 
followed. The fourth section explores the contents of the 
master’s dissertations, discussing the main results of 
them. This paper ends with the conclusions and 
limitations of the study. 
2. LITERATURE REVIEW 
This section introduces briefly the Lean Production roots, 
definitions and principles. Also, defines ergonomics and 
their importance to workers. Finally, the section ends 
with the evidences of the relationship between lean and 
ergonomics. 
2.1 Lean Production 
After World War II, the Japanese manufacturers faced a 
great dilemma regarding lack of material, economic, and 
human resources, in contrast to the required variety of 
production. Kiichiro Toyoda, Taiichi Ohno, and others at 
Toyota analysed this situation and thought that a series 
of simple innovations could provide continuity of the 
process flow and a wide variety of product offerings [14]. 
Therefore, they revisited Ford’s original philosophical 
principles and created the TPS [15, 16]. This production 
system, known today as “lean production”, was based on 
the minimisation of resources consumption and the 
addition of value to a product. It was also based on the 
recognition that only a small fraction of the total time and 
effort of a process added value to the end customer [17]. 
As explained in the book “The Machine That Changed 
the World” [1], a movement from mass production 
towards lean manufacturing occurred when the 
companies realised the great success of Toyota, which, 
at the time, developed, produced, and distributed 
products with half of the capital investment, 
infrastructures, materials, time, and even human effort 
[1, 16]. The term “lean” is linked to the key idea of “doing 
more with less“. According to Womack et al. [1], that 
means a system that requires less general inputs to 
create the same outputs as those created by a traditional 
mass production system, while reducing the costs 
through continuous improvement and, thus, increasing 
the profits [18]. A misunderstanding of this key idea could 
conduce to the misconception of what is LP and partial 
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implementations of it, resulting in a more stressful 
environment than the previous system implemented and 
fear of job loss [10, 19]. The main consequence is a 
suspicious about LP that is often seen by various authors 
as a production system that does not care about people; 
however, this is controversial [10]. Furthermore, people 
in both the industrial and academic field express some 
reservations about the lean methodology [10]. In fact, 
lean’s main objective – reduction of waste, could be 
associated with dismissals or even reduction of human 
resources. This association is clearly a wrong line of 
thinking and, thus, it is of utmost importance to 
understand the full meaning of lean methodology, which 
is preserving jobs whenever possible [19]. Nevertheless, 
the lean approach is extended beyond automotive 
production to any company or organisation, in any sector 
in any country [3, 4].  
The Lean Thinking can be divided into five principles 
(Figure 1) that represent its essence: i) Value: specify 
what does and does not create value from the customer’s 
perspective instead of from the perspectives of individual 
firms, functions, and departments; ii) Value Stream: 
identify all the steps necessary to design, order, and 
produce the product across the whole value stream to 
highlight non-value-adding waste; iii) Flow: implement 
actions that create value flow without interruption, 
backflows, waiting, or reworks; iv) Pull production: 
produce only what is required by the customer; and, 
finally, (5) Pursuit Perfection: strive for perfection by 
continually removing successive layers of waste as they 
are uncovered [18, 20]. 
 
Figure 1. Schematics of the application of Lean principles. 
2.2 Ergonomics 
According to the International Ergonomics Association 
[21], ‘‘Ergonomics (or human factors) is concerned with 
the understanding of interactions among humans and 
other elements of a system, in order to optimise human 
wellbeing and overall system performance’’. Thus, 
ergonomics contemplates both the physical and 
psychological human aspect and involves looking for 
solutions in both the technical and organisational domain 
[18, 21, 22]. 
The analysis of work systems is imperative for a better 
allocation of functions and technical equipment to the 
workers. This analysis will assist in making informed 
decisions to enhance the work safety, productivity, and 
the wellbeing of workers. 
Checklists and questionnaires are common tools for 
gathering information about ergonomic aspects. 
According to David [23], a questionnaire is an efficient 
method for collecting a large amount of information in 
short periods of time. In an ergonomic checklist, a list of 
ergonomic factors is presented, and the observer only 
has to answer "Yes" or "No" to each of them. It is also 
possible to write remarks for each factor. These methods 
allow users to have an overview of the ergonomic 
aspects of the work system. Checklists highlight the 
aspects that need urgent intervention and can also allow 
prioritising action plans. 
Many methods have been proposed over the last 30 
years for the systematic and comprehensive assessment 
of a workstation [24]. Most of them are based on 
observational techniques, applying a specific posture 
classification: Ovako Working Posture Assessment 
System (OWAS), Posture, Activity, Tools and Handling 
(PATH), Quick Exposure Check (QEC), Rapid Upper 
Limb Assessment (RULA), Strain Index (SI), 
Occupational Repetitive Actions (OCRA), NIOSH Lifting 
Equation, Rapid Entire Body Assessment 
(REBA), Ergonomic Workplace Analysis (EWA), among 
others [25, 26]. EWA is a largely used method because 
its structure is suitable for most industrial activities, 
allowing a more complete analysis of the relationship 
between the workstation considerations and the worker 
posture and physical effort [27]. Besides that, as EWA is 
an observational method, it implies low cost, 
noninterference with the job process, and ease of 
application [25]. EWA was developed by the Finnish 
Institute of Occupational Health (FIOH) [28] and is a 
semi-quantitative method that allows a wide ergonomic 
analysis covering fourteen ergonomic factors. The 
observer assigns to each point a classification on a scale 
of either four or five. A score of 5 indicates a risky 
situation for the worker's health. In contrast, a score of 1 
indicates safe working conditions. The workers also 
evaluate the same aspects of the workstation in a 
qualitative way (very good (1), good (2), poor (3) and 
very poor (4)).  
Additionally, Shoaf et al. [29] developed a set of 
mathematical models for manual lowering, pushing, 
pulling and carrying activities by establishing load 
capacity limits to protect the lower back against 
occupational low-back disorders. 
2.3 Evidence of the relationship between LP and 
Ergonomics 
Successful LP implementation involves more than 
process improvement. Any change in work practices has 
effects on workers and their performance, which should 
be assessed [30]. Those effects include not only the 
commitment of the workers to the new practices but also 
the concern for their wellbeing, safety, and security. 
Aligned with this perspective, several authors defend the 
thesis that human factors (i.e. ergonomics) can help a 
company’s business strategy to stay competitive [31]. 
246 Alves et al. 
IJIEM 
According to Genaidy and Karwowsky [32], one must 
look deeper into the impact that lean production 
strategies have on the work demand and energizer 
profiles, and worker health to chart the best human 
performance practices required to achieve and sustain 
work productivity, quality, and safety. These authors 
highlight that the worker is at the heart of application of 
the lean production model. 
According to Brito et al. [33], ergonomics should be 
integrated into the lean process from the planning phase, 
which unfortunately does not occur in many companies. 
In fact, when decisions about products or processes are 
made, most resources are already assigned so that the 
cost of any modification rises acutely. The industrial 
projects implementing LP do not always address the 
ergonomics factors [34]. Most of the projects are only 
focused on the benefits of productivity and process point-
of-view [35]. As a consequence, the benefits regarding 
human factors are not very significant [36]. 
As Guimarães et al. [37] argue, ergonomics and safety 
must be considered in the lean-related projects to 
design, improve and test the production system, 
identifying workers' best conditions. Ergonomic metrics 
must be included in the lean-related projects to evaluate 
how lean “improvements” may affect, for example, 
musculoskeletal disorder (MSD) risk factors associated 
with the job or jobs that were changed [37]. 
When talking about the inclusion of ergonomics into the 
lean-related projects, a more complete analysis has to 
be performed and additional factors accounted; one of 
them regards lean prioritisation. The use of Value Stream 
Mapping (VSM), root-cause analysis, Ishikawa diagram 
and other methods to visualise the companies' 
operations allows selecting work activities or production 
processes to perform a lean analysis [38]. Incorporating 
workplace design-related risk assessment and 
implementing quality metrics into the value stream 
mapping process, provides a structured method for 
prioritising lean opportunities, the application of scored 
risk assessments, and the identification of work design 
flaws. Thus, the quality metrics/ risk factor assessment 
integration can be used as additional data for lean 
manufacturing interventions [39]. 
According to Losonci et al. [40], the ergonomic concepts 
and ergonomic design factors should be included in the 
training of lean team members so they can recognise risk 
factors and apply these ergonomic design options as 
they develop conceptual designs. Lean team members 
may perform risk assessments about the worker health 
and safety, by evaluating how workers interact with 
workstations, materials and tools. In fact, training is 
critical to ensure that team members are well-informed 
and comfortable with these tasks [40]. Applying 
ergonomic design concepts will reduce costly errors, 
improve productivity, and reduce MSD risk factors that 
lead to higher workers’ compensation costs. Ergonomic 
design goals focus on creating efficient and appropriate 
body postures, reducing the amount of strength required 
to complete a task, and avoiding repetitive postures and 
motions throughout the work shift. For instance, applying 
force takes time, increases the risk of strains and other 
injuries, and causes employees to fatigue – which slows 
their work pace and reduces their productivity. These 
consequences are called Muri, which is a symptom of 
waste in lean language, as well as Mura or irregularity. 
When it is present, Mura can lead to accidents, time loss, 
confusion, etc. Clearly, the goals of the ergonomic 
design complement the goals of the lean process and 
can mitigate the risk created by some lean solutions. 
Many MSD risk assessment tools present the risk level 
through a score, enabling the lean team to compare the 
level of risk presented by various production processes. 
Since the presence of MSD risk factors is a leading 
indicator of high incidence rates and higher workers’ 
compensation costs, the risk factor scores provide 
objective data that can be used to identify potential 
ergonomic and productivity issues. Many companies use 
these risk assessment methods before and after 
implementing new lean workflow and workstation 
designs. These assessments enable lean teams to 
confirm whether the changes have a positive impact on 
the level of risk and to identify unintended consequences 
of the new design that may lead to increased MSD risk.  
Involving all the users of the process to be redesigned 
(hourly employees, supervisors, maintenance, etc.) is 
critical to the success of any lean intervention. These 
stakeholders understand problems related to the 
workflow, issues with incoming parts and equipment, and 
variances in production scheduling that may not be 
understood by an external lean team. Thus, the lean 
team needs to collaborate closely with these 
stakeholders to capture these issues and production 
variances, to ensure that the new lean design is 
adaptable and efficient. The hourly employees typically 
provide some of the best design ideas, so it is essential 
to get them involved in the discussion [41, 42]. 
Furthermore, it should be noted that the employees 
might not use new tooling if they are not involved in the 
selection and installation of the equipment. Many 
manufacturers have invested in state-of-the-art material 
handling equipment only to find that employees choose 
to lift the product rather than using the equipment 
selected by the management. Stakeholder involvement 
is crucial for the acceptance and effective 
implementation of lean design modifications [31].  
Measuring the financial impact of lean and ergonomic 
integration solutions is essential to obtain continued 
support and involvement from senior management. 
Frequently updating the management on the cost 
savings in productivity, quality, and workers’ 
compensation claims will ensure that the process 
continues to be a management priority [31]. 
Workers’ compensation costs should include the total 
cost of claims related to the workspace and the lean 
initiative measures. The costs of injuries and workers’ 
losses can be reduced, and labour productivity can be 
increased if the workers’ compensation is quantified 
considering the insurance and the internal risk by the 
management department [31]. Productivity gains can be 
translated into cost reductions by multiplying the cost of 
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labour by the calculated reduction in man-hours. Quality 
savings can be estimated based on the current cost of 
returns, rework, and warranties. The reduction of 
workers’ compensation cost can be based on current 
claim costs and on the reduction in MSD risk factor 
scores. Thus, the estimation of conservative cost 
savings ensures that resources will continue to be 
provided for the lean process [43]. LP implementations 
have a positive impact on ergonomics initiatives as 
shown by many examples published elsewhere [44–47]. 
3. RESEARCH METHODOLOGY 
The systemization of information relevant to the objective 
of the present paper was based on quantitative and 
qualitative content analysis. The sample considered in 
the study was based on a set of 41 lean-related projects 
in the fields of Production Systems Design and 
Operation; LP, and Logistics. These projects were 
developed in the context of master’s dissertations carried 
out during 2008-2015 by students of a master’s degree 
in Industrial Engineering and an integrated master’s 
degree in Industrial Engineering and Management. This 
sample was chosen because it was considered 
representative for this study. These master’s theses 
correspond to the final output of industrial training 
programs. These real-world experiences create 
opportunities to prepare graduate engineering students 
for the challenges ahead. The 41 lean-related projects 
considered in the analysis were all supervised by one of 
the co-authors of this paper. Thus, the supervisor’s 
perception within the training visits to the company’s 
facilities was also an important contribution to the 
interpretation and discussion. From the methodological 
point-of-view, the content of text data of the master 
dissertations set was analysed, involving counting and 
comparisons of predefined keywords, followed by the 
corresponding interpretation [48]. The quantification of 
keywords in data can present insights on the use and on 
the context, helping to identify some similarities or 
differences. The outcomes of the analysis were reported 
by descriptive summaries and presented in tables and 
graphs with the frequencies of each of the identified 
ergonomic factors and used lean tools and its 
combination. The variables code for each master’s 
dissertation corresponded to each of the identified lean 
tools and ergonomic factors described in the 
corresponding engineering students’ work.  
The ergonomic factors collected from the master’s 
dissertations were classified within the fourteen 
categories addressed and assessed as an ergonomic 
factor by EWA. The fourteen categories of ergonomic 
factors and a brief description of each one are given in 
Table 1. Besides the obtained descriptive database on 
the fourteen ergonomic factors, the analysis also allowed 
to find relevant information that otherwise could not have 
been directly identified. When analysing the lean-related 
projects, each identified ergonomic factor was 
categorized according to the meaning of the principle.  
The objectives of the analyses and discussions were: i) 
to verify if ergonomics was a concern in lean-related 
projects and, if so, in which phase of the project was this 
identified; ii) to synthesise which ergonomic factors were 
considered in these lean-related projects and with which 
lean tools; and iii) to identify the main benefits attained 
by such integration.
Table 1. Description of the fourteen ergonomic factors of EWA method. 
Ergonomic factor Factor description 
F1 – Worksite 
Assessment of the workplace height, horizontal working area, distance and angle of 
vision, legs space, seat, hand tools, and other equipment. 
F2 - General physical activity 
Assessment of the level of physical activity required for the job and whether the 
worker can regulate the physical load. 
F3 – Lifting tasks 
Verification of the height at which the lifting is made, the weight of the load, and the 
horizontal distance of handholds. 
F4 – Postures and movements 
Assessment of the working postures/movements for different parts of the body, 
namely neck-shoulders, elbows-wrists, the back, and hips-legs. 
F5 – Accident risk Assessment of the likelihood of accidents and their severity. 
F6 – Job contents Number and quality of the individual tasks included in the working activity. 
F7 – Job restrictiveness Identification of situations that can possibly limit the activity of the workers. 
F8 – Communication and personal contacts Opportunities that workers have to communicate with their peers and/or superiors. 
F9 – Decision-making 
Verification of the degree of information availability, as well as the underlying 
decision risk. 
F10 – Repetitiveness of the work Average duration of a repetitive work cycle. 
F11 - Attention Relationship between the duration of observations and the required level of attention. 
F12 – Lighting conditions 
Measurement of illumination in the working area and corresponding calculation of the 
ratio: (measured value/recommended value) x 100. It also includes brightness. 
F13 – Thermal environment Measurement of the temperature, relative humidity, and air velocity. 
F14 - Noise 
Measurement of the noise level in the workplace, according to the type of work 
developed. 
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In order to accomplish the objectives, research questions 
and sub-questions were proposed. Those are described 
below and presented in Table 2. The first research 
question (RQ1) was aimed to identify if and describe 
which ergonomic factors (sQR11) were considered 
during the lean-related project development, and in 
which phase were these factors considered (sQR12). By 
phase of lean-related project development, the authors 
mean the identification of the moment when the 
ergonomic concerns arise, i.e., if in the definition of 
objectives of the work plan proposal, in its initiation and 
execution, or at project completion.  
An additional sub-question (sQR13) was created to 
understand with which implemented lean tools were the 
ergonomic factors addressed. The second research 
question (RQ2) was aimed to identify the ergonomic 
benefits brought by lean tools (sQR21) and, 
consequently, understand if they were easily identified 
(sQR21). 
An interpretative analysis of the contents was carried out 
to understand the words and answers to the research 
questions. Finally, the main conclusions were pointed 
out. 
Table 2. Research questions (RQ) and sub-questions (sQR) 
considered in the research 
RQ sQR 
 
sQR11: Which ergonomic factors 
were considered during the lean 
methodology implementation? 
 
sQR12: In which phase of the lean 
project were ergonomic factors 
considered? 
 
sQR13: With which lean tools were 
ergonomic factors revealed and 
addressed? 
 
sQR21: What were the benefits of 
integrating ergonomic factors in an 
LP methodology? 
 
sQR22: Were they easily identified 
by the project authors? 
4. RESULTS AND DISCUSSION 
The results presentation and corresponding discussion 
are presented. Firstly, the projects are characterized, 
and, then, questions raised in the research methodology 
section are answered in each of the following 
subsections. 
4.1 Characterisation of the projects 
In this paper, 41 final-year projects on lean, performed in 
the context of master’s dissertations, were analysed. 
These projects had been developed in 29 different 
companies between 2008 and 2015. The projects were 
classified as “P#” (P1 to P41) and the companies as “C#” 
(C1 to C29). 
Table 3 presents the characterisation of the projects 
indicating the company (Comp.), the year, the type of 
company, and the main objective of each project. Most 
companies were automotive industry suppliers of car 
radios and navigation systems, metal parts, electronic 
parts, and textile parts.  
During the study period (2008-2015), the number of 
projects by year was variable. The number of projects by 
company was usually one but four companies had more 
than one. For instance, in the same year, seven projects 
were developed in C1 while three were accepted in C5. 
It should be noted that C1 is an international company of 
electronic components for the automotive industry with a 
long journey of LP implementation. 
4.2 Ergonomic factors in the lean-related 
projects 
The fourteen ergonomic factors mentioned in the 
research methodology section were considered for the 
analysed projects. The ergonomic factors present in the 
different projects are indicated in Table 4 (cells in grey), 
where the projects were grouped by company. “C#” 
represents the company number and the numbers in 
brackets “(#/#)” represent the number of projects that 
considered ergonomic factors in each company. The 
table only shows the projects where ergonomic factors 
were identified (32 of 41 projects in 24 of the 29 
companies of the study). This table also reveals the total. 
The factors (columns) are organised from the most to the 
least referred.  
The last column “Σ” shows the number of factors 
identified in the projects, and the last line shows how 
many times the factor was referred. The analysis and 
identification of ergonomic factors in the master's 
dissertations became a difficult task and had some 
limitations. It was found that the students did not always 
identify directly the ergonomic factors, i.e., sometimes 
these factors were identified as tools for improving 
productivity and motivation and reducing absenteeism. 
The fact that projects did not present any ergonomic 
factor did not necessarily mean that these were not 
included since it could have been caused by a 
misinterpretation or disregard by the student. For 
instance, in P20 the F4 was only identified in a 
dissertation annex and was considered after an 
additional assessment that was not associated with other 
data, neither referred in the final conclusions. 
From the 29 companies of the study, 24 had projects 
where ergonomic factors were considered. The fact that 
some companies were not identified (C22, C25, C27, 
C28, and C29) does not mean that they were not aware 
or concerned with working conditions. For instance, C25 
and C29 are companies that promote better work 
conditions, even though the project did not approach 
these. This study was the first project on companies of 
this type conducted by the co-authors. C22 is an 
administrative service in the educational sector, so its 
project (P33) was developed in a lean office context [3]. 
Additionally, C28 is an industrial company, but its project 
(P40) was also developed in a lean office context 
corresponding to the administrative sector, and the 
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ergonomic aspects were not approached. In C1, only two 
of the projects did not consider ergonomic factors, 
because they were more related to suppliers logistic. The 
same occurred with P6 developed in C3, P28 in C5, and 
P39 in C27.  
Table 4 reveals that the ergonomic factors most 
identified in the projects were “worksite” (F1) and 
“postures and movements” (F4). In fact, the most 
common tools applied in most of the project include 5S, 
visual management and standard work implementation 
which directly affects the working conditions, the 
workplace itself and, therefore, the postures, the type 
and amount of movements of the workers in their daily 
activities.  
 
Table 3. Characterisation of the final-year projects on lean 














Electronic components for 
the automotive industry 
Increase of cells productivity; 
Levelling implementation; 
Improvement of cells teamwork performance; 
Pull system implementation; 
Value stream flow optimisation; 
Kanban implementation with suppliers; 
Improvement of logistics in materials reception. 






Metal components for the 
automotive industry 
Lean manufacturing application – expedition; 
Lean manufacturing application in logistics. 
C4 P7 2010 
Metal mechanics for 












Electric devices (appliances) 
Assembly cells implementation for product X; 
Assembly cells implementation for product Y; 
Lean manufacturing application in metal; 
Internal logistic streams improvement; 
External logistic reorganisation. 
C6 P9 2011 Garment Lean and cellular implementation. 
C7 P11 2011 Hospital Lean healthcare application. 
C8 P12 2011 Luxury beds Lean thinking principles application. 
C9 P14 2011 Plastic Lean manufacturing tools application. 
C10 P16 2012 Elevators Application of standard work and other lean tools. 







Standard work in a paint section; 
Standard work in panel production. 
C13 P20 2012 Shoes Lean production implementation. 
C14 P21 2013 Automotive components 
Management, balancing, and formation of sewing cell 
teams. 
C15 P23 2013 Cutlery Lean production implementation. 
C16 P24 2013 Metal mechanics Cellular production and Lean tools in warehouses. 
C17 P25 2013 Refrigerator Lean and cellular production implementation. 
C18 P26 2013 Machine-tools Application of standard work and other lean tools. 
C19 P27 2013 Electric devices 
Reconfiguration of a traditional production system in a 
lean production system. 
C20 P30 2013 Automotive components Lean production tools implementation. 
C21 P31 2014 Garment Lean production tools implementation. 
C22 P33 2014 University academic services  Lean services tools application. 
C23 P34 2014 Logistic transports Lean logistic application. 
C24 P35 2014 Office products Lean and cellular production implementation. 
C25 P37 2015 Wiring systems Lean production tools implementation. 
C26 P38 2015 Automotive components 
Performance improvement of an assembly final section 
using lean tools. 
C27 P39 2015 Copy machines distribution Lean tools implementation to improve logistics processes. 
C28 P40 2015 
Automotive textile 
components 
Improvement and standardisation of production tools 
support applying lean tools. 
C29 P41 2015 Power transformers Assembly time reduction of transformers using lean tools. 
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Table 4. Ergonomic factors presented in the different projects 
C# (#/#) P x F F1 F4 F2 F8 F3 F5 F10 F6 F9 F7 F13 F11 F12 F14 Σ 
P1               4 
P3               3 
P4               3 
P10               1 
P36               1 
C2 (1/1) P2               3 
C3 (1/2) P5               3 
C4 (1/1) P7               3 
P8               4 
P15               6 
P22               4 
P29               4 
C6 (1/1) P9               2 
C7 (1/1) P11               2 
C8 (1/1) P12               4 
C9 (1/1) P14               2 
C10 (1/1) P16               6 
C11 (1/1) P17               4 
C13 (1/1) P20               3 
C12 (2/2) P18               4 
  P32               3 
C14 (1/1) P21               2 
C15 (1/1) P23               2 
C16 (1/1) P24               1 
C17 (1/1) P25               2 
C18 (1/1) P26               1 
C19 (1/1) P27               2 
C20 (1/1) P30               2 
C21 (1/1) P31               3 
C23 (1/1) P34               3 
C24 (1/1) P35               1 
C26 (1/1) P38               1 
24 (32/36) Σ 21 15 10 10 9 6 5 3 3 2 2 1 1 1 89 
 
The least identified factors were “attention” (F11), 
“lighting conditions” (F12), and “noise” (F14), which were 
all only considered once. Considering these last 
ergonomic factors, F12 and F14 can be considered 
relatively easy to measure (with appropriate measure 
devices), assess, and posteriorly identify, while F11 is 
difficult to measure. This ergonomic factors, F12 and F14 
are aspects usually related to the type of activities 
developed in a specific industrial context and are defined 
when the facilities are projected.  
The projects where the highest number of ergonomic 
factors was identified were P15 and P16, with six factors 
in each one. P15 was a project developed in an 
electronic appliances multinational company. After a first 
successful project that had been developed two years 
earlier, based on the reconfiguration of five assembly 
lines into two assembly cells, the company was so 
satisfied with the results that decided to reconfigure other 
assembly lines of a different product into assembly cells. 
The advantages of reconfiguring assembly lines into 
cells are well documented in the literature, showing the 
importance of this reconfiguration for waste elimination 
but also for ergonomic advantages [10, 49–51]. P16 was 
a project developed in an elevators company that was 
very motivated with its lean journey initiated by a 
consulting company. Results of the project developed by 
this company can be seen elsewhere [52, 53]. 
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4.3 Phase of the lean-related project where 
ergonomic factors were considered 
The number of lean projects which included the 
ergonomic aspects in their objectives was assessed, in 
order to answer the research question “In which phase 
of the lean-related project was the ergonomic factors 
considered?” (sQR12). Three main levels were 
identified, as presented in Figure 2. 
 
Figure 2. Number of lean-related projects that account the 
ergonomic factors in their objectives definition. 
The first level corresponds to projects that focused 
directly on ergonomic aspects using specific keywords 
such as “workplace”, “ergonomics”, and “working 
conditions”. The second level corresponds to projects 
that did not identify the improvement of ergonomic 
conditions as one of its objectives but included a set of 
measures that indirectly improved the workers’ 
conditions. Keywords and expressions such as 
“movement reduction”, “balanced manual load”, 
“workers’ productivity”, and “musculoskeletal wear” were 
considered. The third level concerns projects that did not 
mention any of these aspects in their objectives definition 
and are thus categorised as projects that did not include 
ergonomic aspects in their initial phase.  
According to Figure 2, 9.8% of the studied lean-related 
projects mentioned directly ergonomic aspects 
improvement as an initial objective in the project 
development. Despite this low value, a deeper analysis 
was conducted in order to evaluate how the ergonomic 
aspects were included in the project plan. Table 5 
presents the analysis of the four projects that directly 
included ergonomic improvement as an objective of the 
lean-related project implementation. The data shows that 
the implemented approaches from LP strategies, for 
example, the layout reorganization, the implementation 
of 5S and manufacturing cells, the visual management, 
the production line balancing and others, allows 
measuring several aspects that both have impact in 
companies productivity and ergonomic welfare. The 
analysis also indicated that 56.1% of the lean projects 
comprised the improvement of either ergonomic or 
workplace conditions by applying lean tools. In some 
projects, although ergonomic aspects were integrated, 
they were not a concern when the projects were defined 
in a work plan proposal, but instead were considered 
later during the work implementation. This situation 
occurred because, most of the time, the problem/project 
was defined by company management. Even so, 
ergonomic aspects were naturally considered when the 
supervisor asked about the causes of the problems and 
the student needed to identify them. For example, some 
of the problems were lack of organisation at the 
workplace, too much time spent searching tools or 
materials, wrongly dimensioned supermarkets, too many 
errors, too many transports, too many movements, and 
lack of communication. To understand the causes of 
these problems, ergonomic factors needed to be 
assessed, such as worksite (F1), general physical 
activity (F2), lifting tasks (F3), postures and movements 
(F4), communication and personal contacts (F8). For 
example, in the case of P16, P25, P31, and P36 these 
problems and causes were assessed by ergonomic tools 
such as REBA, NIOSH lifting equation, EWA, and other 
tools used in this context: work-study, process analysis 
chart, and sequence chart [47, 52–55]. 
Table 5. Lean tools versus ergonomic factors of lean-related projects 
Projects Objective  Approach What was measured? 
P2 Propose an “ergonomic” 
analysis of the 
production system 
- Application of 5S to the workplaces; 
- Implementation of manufacturing cells; 
- Standard Work 
- Definition of good practices for the use 
of consumables supermarkets; 
- Adaptation of the production lines 
dimensions. 
- Workers satisfaction through the 
application of surveys about: 
 i) Movements and physical effort; 
 ii) Organization of the workplace; 
 iii) Access the information to do the 
work.  
P21 Propose continuous 
improvement of the work 
environment and 
“ergonomic conditions” 
- Application of  production line 
balancing; 
- Redefinition of the layout; 
- Introduction of poka-yoke mechanisms 
at the workplaces; 
- Labour gymnastics. 
- Production takt time; 
- Labour absenteeism rate due to 
professional diseases; 
- Number of conforming manufactured 
products. 
P31 Propose improvements 
of “workplace”  
- Application of 5S to the workplaces; 
- Redefinition of the layout; 
-  Time measurement; 
- Application of REBA method. 
- Distances travelled by the workers; 
- Time measurement in transport tasks; 
- Number of MSD occurrences. 
P36 Propose“working 
conditions” improvement 
and load handling 
- Visual Management;  
- Application of 5S to the workplaces; 
- Redefinition of the layout. 
- Distances travelled by the workers; 
- Time measurement in transport tasks; 
- Handling load measuring. 
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4.4 Lean tools employed versus ergonomic 
factors and benefits of each tool 
After checking which ergonomic factors were present in 
each project, an analysis was conducted to verify which 
lean tool allowed risk reduction or improvement of the 
ergonomic factors. This analysis intended to answer the 
question “With which lean tools were ergonomic factors 
revealed and addressed?” (sQR13). 
The deep relationship between the application of lean 
tools and the consequent improvement of the workplace 
and additional ergonomic factors was studied. Table 6 
presents the lean tools applied in each project and its 
relation to ergonomic factors. Five lean tools were 
associated with a greater number of ergonomic factors, 
namely, 5S, standard work, visual management, Single 
Minute Exchange of Dies (SMED), and poka-yoke 
mechanisms.  
Of these tools, 5S [56–58] was the most frequently used 
tool in the projects (with ten ergonomic factors). 
However, this frequency is not a new finding, since 5S 
was already recognised as a good tool to achieve an 
organised, clean, and standardised workplace in order to 
create a healthy environment and promote greater 
productivity. This tool is often seen as a basic starting 
point for LP implementation. The 5S method is a way to 
establish safety in the workplace based on the following 
five concepts: sort, set in order, shine, standardise, and 
sustain. It is relatively easy to understand and implement 
by training employees. It includes standardised 
procedures to prevent and detect safety gaps, as well as 
to improve employee adaptive interfaces to meet the 
ergonomic needs of interchangeable workers. Therefore, 
this tool is normally referred as 6S by some authors due 
to also including the safety concept [59]. For example, 
there were several productive sections in companies 
where employees used chemicals substances when 
performing various operations. The manipulation of 
these substances can be quite harmful to the workers’ 
health. Thus, individual protection measures, as well as 
upgraded machines, are unaccountable factors for the 
welfare of both the industrial environment and the 
employees. Therefore, proposals to improve the working 
conditions of employees are expected in a preventive 
manner. In most cases, improving the production 
sections allows solving a few problems related to low 
productivity, high lead time, absenteeism, and long 
distances between the workplaces. The implementation 
of the 5S philosophy depicted measures to increase 
productivity, promote the benefits of communication 
between managers and employees, and encourage 
improvements in ergonomics, safety, hygiene, and 
health at work. 
The 5S tool can potentially address all the identified 
ergonomic factors because a careful management of the 
workplace and of the organisation of workstations is 
halfway to achieving all factors. Sometimes, students 
experimented the work conditions of workers by 
performing (simulating) their job in order to understand 
the quality of working conditions. Nevertheless, the 
project analysis made by the students does not seem to 
recognise all factors. 
Standard work [60, 61] is an approach to LP that involves 
carefully documenting and regularly improving 
procedures. Standard work procedures should be 
routinely updated to eliminate waste. When a process is 
improved, it should consequently become safer. Also, 
unnecessary movements or motions (such as reaching 
for tools or bending to pick up heavy objects) increase 
the risk of injury. Improving workstation ergonomics 
reduces such risks, reduces unnecessary movements, 
and sustains a more efficient workflow. Many examples 
can be found in P18 [62] and P32. 
Table  6. Lean tools versus ergonomic factors of lean-related projects 
 Tools x Factors F5 F1 F9 F2 F12 F3 F4 F6 F11 F7 F8 F10 F13 F14 Σ 
5S               10 
Standard work               9 
Visual management               6 
SMED               6 
Poka-yoke               4 
TPM               2 
Autonomation (jidoka)               2 
Matrix skills               2 
Six Sigma               1 
Kanban               1 
Kaizen               1 
Matrix training               1 
Heijunka               1 
Σ 7 6 6 4 4 3 3 3 3 3 2 1 1 0 46 
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The main ergonomic aspects delivered and the benefits 
obtained concerning visual management are as follows: 
easy identification of problems; more satisfaction; easy 
identification of skills; key performance available to all; 
and awareness of what is happening by everyone. These 
aspects promote better communication and continuous 
improvement (kaizen) actions. 
Safety may be integrated into kaizen methodologies [63] 
by analysing each operation of the process to find ways 
to reduce risks. The approach of kaizen measures with 
safety in mind combines the goals of process 
improvement and process safety. The application of 
kaizen methodology, besides reducing existent wastes, 
improves the reduction of the high value of overtime. 
Also, the involvement of people in continuous 
improvement leads to learning organisation [43] and 
business sustainability, as in the case of P36 [64]. 
SMED [65] is a tool to reduce the set-up time. It is also 
another tool very favourable to ergonomic efforts 
because it means fewer products near machines (fewer 
accidents and confusion; less stress because workers 
know what to do; tools with better ergonomic design; and 
quick changeover without compromising safety). As an 
example, this tool was successfully applied in P16 
conducted in C10 [53, 66, 67]. 
Poka-yoke mechanisms [68, 69] are aimed to detect and 
avoid errors and are included in the Jidoka pillar of TPS 
[56]. The ergonomic aspects and benefits comprised are 
related with: people involvement; more responsibility and 
autonomy; more work control and motivation; use of 
colours to alert danger and/or prevent errors; fewer 
defects; and fewer machine breakdowns. P7 [70] and 
P18 [62] explore these mechanisms. 
The previously described tools and the other tools 
presented in Table 5 are only a few examples of lean 
tools that benefit ergonomic work conditions in 
companies. A more integrated approach to improving the 
whole production system could be its total or partial 
reconfiguration. This approach was applied in many of 
the reported projects, namely, P2, P7, P8, P15, P9, P26, 
P27, and P35. The benefits achieved by these projects 
can be found in the literature [50], as well as the cause-
effect relationship of working in a lean cell layout [10, 71]. 
Nevertheless, the decision to redesign production 
systems is not always straightforward and easy [72]. 
4.5 Benefits of considering an ergonomic 
approach in a lean implementation 
LP implementation, when correctly performed, requires 
the effective analysis of ergonomic factors because 
ergonomics is an essential part of any sustainable 
organisation. The successful implementation of lean and 
ergonomics frequently includes redesigning the work, 
standardising the work process, and reducing or even 
eliminating the risk factors for musculoskeletal diseases. 
The outcome of the developed projects showed that LP 
tools reduce wastes, increase productivity, and, 
simultaneously, optimise the working conditions and 
improve employees’ health [73]. 
A few conclusions were obtained from the analysed 
projects, and will now be described. Even when 
ergonomic parameters are not a primary concern in the 
development of the work plan, they end up being directly 
or indirectly contemplated. This outcome occurs mainly 
due to the relationship between ergonomics and the 
improvement of quality work conditions and production. 
Most of the analysed projects led to the conclusion that 
the implementation of lean-related projects allows: 
- A reduction of distances travelled by the workers, as 
well as, the reduction of movements; 
- A reduction of time spent in transport tasks; 
- Higher adequacy of the conditions at the 
workspaces; 
- Reduction of movements and physical effort in 
handling tasks during the work shifts; 
Ergonomics involves both the productivity and human 
aspect, and one of its main goals is to increase the 
overall efficiency by improving the interaction between 
humans and the other parts of the work system. 
Tortorella et al. (2017) considered that for the lean 
manufacturing approach the Human element is a 
fundamental factor for the continuous improvement 
sustainability. For the same authors, from a lean 
perspective, ergonomics improves productivity, removes 
barriers to quality, and enhances safety for human 
activities [74].  
The implementation of lean tools usually identifies low-
cost solutions that yield substantial benefits. These 
benefits lead to increased safety in workplaces, reduced 
injuries, increased productivity, and increased the quality 
of the products.  
The results obtained by [75] justify what was mentioned 
before, since they have been able to prove in their case 
study that it is possible to reduce the setup time 
(improving the productivity) and improve ergonomic 
conditions at the same time. These authors implemented 
improvements in the workstations, which simultaneously 
allowed to reduce the risk of MSD and the setup times. 
The reduced overburden (Muri) for workers and the 
avoided irregularity (Mura) that generates wrong 
interpretations, confusion, and stress are also benefits 
achieved with the main goal of lean: reducing waste or 
its symptoms. These valuable results are obtained 
through improvements in the interaction between the 
worker, machine, and workplace. 
Nevertheless, much more could be achieved in the 
developed projects if a systematic questioning process 
was used. According to Maia et al. [34], not many 
methodologies to implement lean include ergonomic 
tools. Thus, a methodology that begins with the 
assessment of work conditions has been proposed [76, 
77]. If this consideration is thought from the beginning, it 
could contribute to a better assessment of the work 
environment related to workplace-specific needs, 
allowing a more structured intervention [78]. This 
methodology was applied to some case studies and the 
results were very positive [47, 79]. 




This paper intended to expose the symbiotic relationship 
between LP and ergonomics, based on the analysis of 
final-year projects reported in the master’s dissertations 
in Industrial Engineering. The lean-related projects were 
developed in Production Systems Design and Operation, 
LP and Logistics research fields. However, projects 
revealed that the causes of many problems were related 
to ergonomic aspects, which were then assessed by 
ergonomic tools. Also, very often, these problems were 
not envisioned as being related to ergonomics and, thus, 
the objectives of the project did not contemplate an 
ergonomic assessment. At first sight, this could be seen 
as a limitation; however, it could provide an indication 
that the ergonomics concerns naturally emerge when 
lean-related projects are implemented.  
After a critical analysis of the current situation using 
ergonomic tools, among others, solutions for the 
problems were lean tools such as 5S, visual 
management, and SMED, as was initially proposed. 
These solutions bring many tangible benefits, as well as 
intangible benefits, for the companies and their co-
workers, since lean and ergonomics share similar 
concerns about their welfare. 
Of the 41 projects developed in a total of 29 different 
companies, 78% addressed ergonomic factors. This 
percentage could probably be higher if ergonomic factors 
were reported in a systematic way. Another important 
aspect is that even projects did not consider ergonomic 
aspects in their initial phase, felt the need to use them at 
a later stage.   
Also, some proposals were not implemented and, 
consequently, benefits were not measured. Additionally, 
because of the short time-span spent in the companies 
(mostly, and no more than, six months), some benefits 
were not achieved. However, it is important to notice that 
many benefits could be obtained with a systematic lean 
methodology addressing all relevant ergonomic aspects 
in a previous phase of lean implementation. Most of the 
analysed projects led to the conclusion that the 
implementation of lean-related projects allows (1) a 
reduction of distances travelled by the workers; (2) a 
reduction of time spent in transport tasks; (3) higher 
adequacy of the conditions at the workspaces; (4) 
reduction of movements and physical effort in handling 
tasks. Taking these factors into consideration, 
companies became more prepared for a real lean 
journey. 
The master’s dissertations interpretation by the paper 
co-authors is somehow a subjective approach due to the 
difficulties in identifying which ergonomic factors were 
considered. However, the lean tools considered by 
students were easly identified. Even though the 41 final 
projects were supervised, by at least one of the co-
authors, there was much autonomous work performed 
by the students reported in their master’s dissertations. 
Also, these projects correspond to the publication of the 
results obtained, in a written document, at the end of an 
internship. For the engineering students, this 
corresponds to the first opportunity to apply all the 
engineering knowledge learned. In further studies, it will 
be important to work in the referred methodology and use 
this in companies that want to implement lean.  
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